Background: The preeclampsia syndrome is associated with endothelial dysfunction and the differential diagnosis between pure preeclampsia (PE) and superimposed preeclampsia (SPE) can be only be attained 12 weeks after delivery.
Introduction
Preeclampsia, one of the most deleterious diseases in Obstetrics, is currently considered a two-stage disease. The first corresponds to insufficient placentation, causing an increase in the resistance of the uteroplacental circulation. The second involves the maternal reaction, through the activation of the inflammatory response and endothelial cell dysfunction 1 .
Preeclamptic arteries present higher reactivity and reduced dilatation, facts related to the alteration of metabolic pathways, such as for instance, that of the nitric oxide. However, the participation of this oxide is not well established regarding the decrease in pressure levels in the first half of the pregnancy 2, 3 . It has also been observed that substances associated with endothelial dysfunction, such as fibronectin 4 and phosphodiesterase enzyme 5 are elevated in the plasma of preeclamptic women.
Endothelial dysfunction usually increases the vasoconstrictor response, the proliferation and migration of cells from the smooth vascular muscle, the platelet and leukocyte adhesion and the expression of adhesion molecules. Such loss of endothelial functional integrity is associated with risk factors for cardiovascular alterations, such as arterial hypertension, atherosclerosis, dyslipidemia and diabetes, among others 6 .
One of the noninvasive methods used to assess the endothelial function is the ultrasonography 7, 8 . The flowmediated dilatation (FMD) of the brachial artery is a simple ultrasonographic technique that can measure the vascular response through the variation of the basal artery diameter induced by the reactive hyperemia that follows re-establishment of blood flow after a period of vascular occlusion; by insufflating a sphygmomanometer cuff. This measurement is an assessment of the endothelium-dependent vascular function.
It has been observed that in patients presenting endothelial damage, the vasodilation response is decreased and, in some cases, even vasoconstriction can be observed 8, 9 . Flow-mediated dilatation (FMD) of the brachial artery is an endothelium-dependent process that reflects the relaxation of the arterial conduit as a result of the shear stress applied to the vascular wall by the increased blood flow. The performance of such measurement presupposes the intentional occlusion of the artery. The increased FMD values represent a physiological endothelial function, whereas decreased measurements reflect endothelial dysfunction 10 . Some authors use the FMD to assess the endothelial function of control pregnant women and/or those presenting pathologies, mainly diabetic and preeclamptic ones, with the latter presenting lower FMD values when compared to normal pregnant women 11 . The differential diagnosis between pure preeclampsia (PE) and superimposed preeclampsia (SPE) can be attained 90 days after the delivery, as in gestational hypertension 12 .
The present study assessed the FMD of pregnant women with preeclampsia syndrome to verify whether this test could detect differences in the endothelial reactivity of patients with PE and SPE.
Methods
The definitions used followed the classification of the gestational hypertensive disorders, as recommended by the report of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy (NHBPEPWGHBPP) 12 , as follows:
Preeclampsia/eclampsia (PE)
A syndrome that is specific of human pregnancy and is characterized by hypertension and proteinuria. Hypertension is defined as systolic arterial pressure ≥ 140 mmHg, and diastolic arterial pressure ≥ 90 mmHg, in a normotensive pregnant woman, before 20 weeks of gestation. Proteinuria is defined as pathological when it is > 300 mg in a 24-hour period. Proteinuria and arterial pressure must go back to normal levels in up to 12 weeks after the delivery. The evolution to eclampsia is characterized by seizures in these patients.
Preeclampsia superimposed to chronic hypertension (SPE)
It is the development of the preeclampsia syndrome in a patient with chronic hypertension. This is a difficult diagnosis, as the hypertensive patient might present pathological proteinuria, requiring careful observation. However, the use of fundoscopic examination as a differentiation tool can help in the detection of damage to a target-organ in patients with chronic hypertension. This is a transversal, prospective study, consisting of 27 patients with preeclampsia syndrome. The patients were hospitalized at Hospital São Lucas, of PUCRS, for obstetric care or were receiving prenatal care at the Service of Obstetrics. All patients signed a Informed Consent Form, which had been previously approved by the Ethics Committee of PUCRS. Pregnant women with a history of venous and arterial thrombosis, known predisposition to venous or arterial thrombosis, diabetes mellitus, history of severe liver disease, history of liver tumors, history of chronic hypertension, as well as those with previous proteinuria, drug or alcohol users or those who did not agree to participate in the study were excluded from it.
After the diagnosis of preeclampsia syndrome, the patients were submitted to the measurement of the FMD of the brachial artery, according to the technique proposed by Celermajer et al 7 and modified by Regattieri et al 13 .
The measurement of the FMD was carried out in right brachial artery of the patients, while they were comfortably seated, with slight abduction of the right arm and hand supination, in order to expose the anteromedial side of the arm to the examiner. The 14 MHzlinear probe of the 2-D ultrasonography device, with color and spectral Doppler (Ultrasonix, Ultrasonix Medical Corporation, Richmond, Canada), was placed on the medial side of the arm, longitudinal and perpendicularly to the skin, 5 cm above the antecubital fossa, insonating the brachial artery directly below the biceps and next to the brachial muscle.
It can be observed that the high-frequency vascular linear transducer used allows the identification of 7 zones, which correspond to the two medial-adventitial interfaces, the two intimal layers, the two medial layers and the artery lumen and this is the best way to ascertain that the transducer is in the center of the vessel and perpendicular to it 13 . Subsequently, the diameter of the brachial artery was measured longitudinally through images in which the proximal and distal lumen-intimal interfaces are visualized. The measurement of the diameter in the center of the vessel at the moment corresponding to the end of the diastole was obtained. This moment was monitored using the B-mode of the echocardiographic equipment as the moment presenting the lowest distension of the vessel walls (to prevent larger vascular calibers originated from the vascular distension caused by the systole), which can be correctly captured by receding the image using the equipment cine loop of the equipment.
After the basal diameter (D1) was verified, the skin was marked with a pen at the place where the measurement was taken by the transducer. The cuff was applied to the same arm, adjusting the pressure of 20 to 30 mmHg above the systolic pressure, maintaining the occlusion for 5 minutes. The postocclusion diameter (D2) was measured 60 seconds after the cuff was removed, with a tolerance of 30 seconds. This was the moment of maximum reactive hyperemia. Based on the previously described standards, a new measurement of the brachial artery caliber was carried out. The FMD value was obtained from the following calculation: FMD (%) = [(D2 -D1)/D1] × 100, where D1 = basal diameter and D2 = post-occlusion diameter. FMD values > 10% were considered normal according to Quyyumi 14 .
No restrictive measures were required for the FMD measurement, such as limitation of time for the examination to be performed or withdrawal of hypotensive medication, due to the severity of the hypertensive state presented by the patients. None of the patients included in the study smoked during the pregnancy and coffee was not ingested for 8 hours prior to the assessment. The room where the measurements were performed was kept at ambient temperature and the same examiner assessed all patients. After the FMD measurement, an ultrasonography was also performed to assess the fetal status and to carry out an analysis with Doppler velocimetry of the maternal, placental and fetal compartments.
The patients also underwent routine laboratory assessment to evaluate the severity of the preeclampsia syndrome, namely: 24-hour proteinuria, uric acid, creatinine, whole blood count, platelet count, thrombin time, prothrombin time, fibrinogen, lactate dehydrogenase, aspartate aminotransferase and alanine aminotransferase. 
Data presented as means (± standard deviations), medians (IIQ 25-75 ) or n (%). The probability was considered significant when < 0.05, when comparing the PE and SPE groups. PE -Pure preeclampsia; SPE -superimposed preeclampsia, PES -preeclampsia syndrome.
The data regarding the FMD, patients' clinical information, obstetric echography, obstetric Doppler, laboratory assessment and maternal and perinatal outcomes were entered into an Excel spreadsheet. Ninety days after the postpartum, the patients were referred to the Ambulatory of Nephrology of Hospital Sao Lucas of PUCRS in order to conclude the diagnosis of PE or SPE, indicated mainly by the measurement of the arterial pressure and proteinuria.
The data were evaluated by measures of central trend and dispersion (mean + standard deviation, or median, or interquartile interval) for parametric and non-parametric data, respectively, or frequencies and percentiles. The comparisons were carried out using Student's t or Mann-Whitney test, for parametric and non-parametric variables, respectively. The categorical data were compared by the Chi-Square test. The correlations of parametric data were carried out using Pearson's correlation test and the non-parametric correlations were carried out using Spearman's correlation test. The level of significance was set at α = 0.05. The Microsoft Excel program, using a database registry created for this study and the Statistical Package for Social Sciences (SPSS) program, version 11.5 for Windows, were used in this research.
Results
The demographic and clinical data are shown in Table  1 . The sample of patients with preeclampsia syndrome was divided in two groups: pure preeclampsia (PE) and superimposed preeclampsia (SPE), which had 14 and 13 patients, respectively. This division only occurred after the final diagnosis, carried out at the ambulatory at the end of the postpartum. The comparison of variables such as maternal age, number of gestations, gestational age at hospitalization, maternal weight, previous history of preeclampsia, placental weight at birth and the Doppler Resistance Index of the umbilical arteries showed a statistically significant difference between the two groups.
Regarding the FMD, its median among patients with SPE was quantitatively lower than in patients with PE; however, the comparison of these values did not show a statistically significant difference (p = 0.080). Considering that endothelial dysfunction was categorized as FMD < 10%, it was observed that the incidence was 69.2% in SPE group and 30.8% in the PE group (p = 0.057). These data are shown in Figure 1 .
The PE and SPE groups were not different (p=0.236) when comparing the morphology of the uterine artery waveforms through spectral Doppler analysis. Only three PE patients presented bilateral protodiastolic incisure, whereas 6 patients presented it in the SPE group.
The presence of bilateral protodiastolic incisure was correlated with the FMD, but there was no statistically significance regarding patient distribution, according to the measurement of the vascular response > or < 10%.
The correlation of the FMD with the clinical and perinatal outcomes showed that there is a positive association with the gestational age at the time of the hospitalization (r = 0.42; p = 0.02), newborn gestational age (r = 0.46; p = 0.01) and weight (r = 0.46; p = 0.01).
Discussion
The present study assessed the endothelial function in the differential diagnosis of the preeclampsia syndrome. The median FMD in the SPE group is decreased in comparison with the PE group and when the sample was analyzed with cutoff values < 10%, the following distribution was observed: 1/3 with PE and more than 2/3 with SPE had endothelial dysfunction. A statistically significant difference was not reached due to the sample size. It is evident that the superimposed preeclampsia is associated with a worse endothelial function in comparison with the pure preeclampsia, even though the FMD is not enough to differentiate both clinical presentations of the preeclampsia syndrome.
Due to its practical characteristics and its applicability, the FMD has become an object of interest for researchers in different areas. Several studies have been carried out with pregnant women aiming at having access to the endothelial function. Several authors have proposed the occurrence of endothelial dysfunction in preeclampsia and have used this indication to carry out their evaluation [15] [16] [17] [18] . This is a practical, safe and convenient technique to assess pregnant women.
The present study seems to be original when it proposes, based on the FMD measurement, to verify whether it is possible to anticipate the differential diagnosis of pregnant women with PE and pregnant women with SPE to the moment of the preeclampsia syndrome manifestation. After the diagnosis had been established, differentiating PE from SPE, the two groups were separated for data analysis. At the moment of data collection, the patients' diagnosis was not known, as even the patients from the SPE group did not know whether they were hypertensive.
The knowledge that the patient was previously hypertensive was considered an exclusion criterion in order to eliminate a possible observation bias by the examiner, when measuring the FMD.
The data presented in Table 1 regarding the demographic and clinical characteristics, show that the groups are not clearly distinguishable based on the usual clinical measures applied to these patients. Interestingly, the difference was evident in the set of demographic characteristics, which are not routinely employed as high-sensitivity indicators for essential hypertension. The data with higher parity -consequently of also advanced maternal age and previous history of PE in the group of patients with SPE -were expected. These data are in accordance with the proposal that pregnancy is women's stress test in which the worst outcome demonstrates the lack of capacity for such demand 19 .
As expected, the SPE group, which can supposedly present previous endothelial damage due to systemic hypertension, presented lower FMD values when compared to the patients from the PE group. However, perhaps due to the sample size, the difference was not statistically significant, although we believe it has a clinical relevance. The fact that both groups presented endothelial dysfunction due to the underlying disease -preeclampsia syndrome -also becomes relevant if one considers that the difference in FMD values was not very high and, therefore, a larger sample size is needed to demonstrate it. Another aspect that must be considered, corroborating this statement, is that two cases from the PE group presented no FMD, thus markedly decreasing the mean in this group. Both cases were categorized as severe preeclampsia (one of them presented HELLP syndrome and another presented eclampsia).
Another difference observed between the two groups of preeclamptic women refers to the disease severity. Preeclampsia presents higher severity when superimposed on previous hypertension 12 , which can be verified through the variables younger gestational age at the time of hospitalization and low placental weight.
